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Advanced ICT Methodologies (AIM) 
in the Construction Industry
INTRODUCTION
A wide range of advanced ICT methodologies 
(AIM) have made inroads in the construction 
market due to the conditions rampant in today’s 
business environment. That is, the trend of glo-
balisation, the fierce competition in the market and 
the need to deliver more complex projects have led 
leading construction companies towards adopting 
available technological innovations (Toole, Hal-
lowell, & Chinowsky, 2013). As a corollary, the 
construction community has observed a rapid 
emergence of different AIM to improve com-
munications, visualization, and foster collabora-
tion among the parties involved in construction 
projects. Nevertheless, the overall rate of adoption 
within the industry has been slow, particularly 
in small and medium sized (SMEs) companies 
(Heydarian et al., 2015). Evidence shows that 
such slow uptake of cutting-edge methodologies 
is for the most part stemmed from a lack of sup-
port of practitioners in the construction industry 
exacerbated by clients being uninformed of the 
advantages of available methods for their projects 
(Cao, Li, & Wang, 2014). In essence, major barriers 
to widespread adoption of new technology in the 
construction industry have roots in lack of famil-
iarity of clients, managers and company directors 
with AIM, and the potential benefits envisaged 
for utilizing such technology as observed by Van 
der Vlist, Vrolijk, and Dewulf (2014). As asserted 
by Williams (2007, p. 6) one barrier to adoption 
of AIM is “Lack of knowledge by people in the 
construction industry about what is possible.”.
Therefore, the first step towards the enhance-
ment of ICT adoption in the construction context 
includes generating the necessary motivation 
amongst practitioners and policy makers through 
disseminating the knowledge about currently-
available methods and highlighting the potential 
benefits (Sarshar & Isikdag, 2004; Williams, 
2007). To address such need, this chapter aims at 
introducing available cutting edge methodologies 
applicable to construction activities. The useful 
feature of this chapter is that it brings informa-
tion about different cutting-edge methodologies 
under one cover. The content of the chapter is 
designed for readers who might not be specialists 
in ICT-oriented techniques while working within 
any domain of the construction industry. In the 
classroom, this chapter could be a supplementary 
source for courses on information systems in 
construction or lean project delivery.
The chapter starts with a brief discussion on the 
driving forces and root causes of rapid advances 
in the tools and technologies utilized in the con-
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struction context. This is followed by describing 
the concepts of virtual design and construction 
(VDC). Afterwards, different aspects of building 
information modelling are discussed. The rest of 
the chapter is concerned with introducing vari-
ous innovative AIM that are emerging within the 
construction industry.
BACKGROUND
The driving forces pushing the construction in-
dustry towards adopting AIM for the most part 
have roots in two main categories of drivers. 
These include the efficiency needed to proactively 
addressing internal process problems facing the 
industry alongside pressures from the external 
environment (Cao et al., 2014). In essence, the 
main reasons behind the interest of construction 
practitioners to adopt advanced ICT methods come 
from three main grounds under two categories:
1.  External pressure
a.  Fierce competition of globalisation 
(external pressure)
b.  New requirements of projects (external 
pressure)
2.  Internal problems
a.  Advantages of advanced ICT method-
ologies (efficiency needed to address 
internal problems)
As illustrated in Figure 1, the capabilities of 
AIM in terms of facilitating achieving efficacy in 
delivering projects by integration of design and 
construction phases as a main reason for construc-
tion companies (Aouad, Lee, & Wu, 2007). In 
this regard, enhancing collaboration level, facili-
tating accessibility and exchange of information 
and enhancing the effectiveness of communica-
tions has been acknowledged (Nitithamyong & 
Skibniewski, 2004). Besides, many studies have 
attested to the positive impacts of utilising ICT in 
the construction industry on grounds of improv-
ing cost-effectiveness, scheduling and quality of 
products (Williams, 2007). In the same vein, ICT 
implementation has far-reaching positive impacts 
on all major aspects of AEC projects including 
time, cost, competiveness enhancement and 
information exchange (Hosseini, Chileshe, Zuo, 
& Baroudi, 2012). AIM are deemed the most 
promising tool for organisations in today’s market. 
That is, they are regarded as a catalyst for process 
improvement through providing the ability for 
construction companies to share multi-disciplinary 
interests, goals, perspectives, and constraints in an 
accurate, timely and economical way (Aouad et 
al., 2007). As such, there is consensus regarding 
the positive effects of utilising AIM in construc-
tion organisations and on projects (Adriaanse, 
Voordijk, & Dewulf, 2010). Moreover, the cost 
of adoption AIM on construction projects is con-
tinuously declining (Sardroud, 2015). On top of 
that, technologies that support AIM are progres-
sively advancing in other fields. These result in 
AIM redefining the methods and procedures in 
the construction context, thus brining a paradigm 
shift into the practices of the construction context 
(Hardin & McCool, 2015).
In this context, a wide range of AIM have 
emerged under the framework of VDC (Khan-
zode, Fischer, Reed, & Ballard, 2006) as will be 
described next.
Virtual Design and Construction
The VDC concept emerged out of the attempts to 
apply lean production principles to the practices 
of the construction industry in delivering projects. 
The birthplace for VDC was the Centre for Inte-
grated Facility Engineering (CIFE) at Stanford 
University where VDC was officially introduced 
in 2001. CIFE has remained a magnet for research 
and teaching on VDC since then (Kunz & Fischer, 
2012). As defined by CIFE, VDC is the applica-
tion of multi-disciplinary performance models of 
design/construction, which include the Product 
(i.e., facilities), Organization of the design, and 
Processes referred to as POP in order to support 
business interests. In essence, VDC tools enable 
construction practitioners of simulating construc-
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tion project models as the composition of related 
models of Product, Organization and Process or 
POP as asserted by Garcia, Kunz, Ekstrom, and 
Kiviniemi (2004). This benefits construction 
practitioners by, automation, integration, and visu-
alization of construction activities in particular to 
predict project outcomes and manage the project 
towards the desired performance (Yee, Fischer, 
& Kam, 2013).
Adopting VDC could be advantageous in 
every stage of a project even during the bidding 
and preparing the tender documents by increasing 
the accuracy and efficacy available information 
and data. Rich visualised representation of data 
could be used to effectively communicate complex 
technical information and illustrate predictable 
circumstances that are likely to occur in the real 
projects through a virtual environment. This will 
enhance effective communication of concepts and 
designs for all the stakeholders. Based on the con-
cept of POP as discussed above, Khanzode et al. 
(2006) introduced the most well-known available 
AIM under VDC as illustrated below.
• Product visualization tools or 3D object 
modelling, which can create a common un-
derstanding among various discipline on 
how the completed product of the project 
(e.g. a building) will look like. 3D mod-
els will facilitate coordination of design 
among different disciplines as well.
• Product+ Processes visualisation tools, 
which present a visualisation of the pro-
cesses for completion of the product based 
on 3D models. These tools will add a di-
Figure 1. The major driving forces behind the emergence of AIM within the construction industry
Source: adapted from Hosseini & Chileshe, 2015
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mension of time to 3D models and are usu-
ally referred to as 4D (3D+ Time = 4D).
• Organization+ Processes tools that simu-
late the effort needed for completion of the 
projects and assist stakeholders in identify-
ing organizational risks. Online collabora-
tion tools fall within this category.
Apart from this, the concept of nD model is 
used in the literature for referring to visualization 
models in which information required for various 
stages of a project are embedded (Aouad et al., 
2007). Such models could contain information 
regarding material resources integrated with the 
scheduling and cost data, termed as 5D (Lu, Won, 
& Cheng, 2015). All such visualisation models 
are in fact created through Building Information 
Modelling (BIM) as described below.
Building Information Modelling (BIM)
Building Information Modelling (BIM) has been 
evolving since 2003 with no clear starting point 
found for the commercial introduction of BIM 
(Holzer, 2015). In today’s business environment 
BIM could be regarded as the most promising 
ICT-oriented development in the construction 
industry (Eastman, Teicholz, & Sacks, 2011). 
BIM involves collating, applying and maintaining 
an integral digital representation of all building 
information for different phases of the project 
life cycle in the form of a data repository (Gu 
& London, 2010). It provides a comprehensive 
concept as an umbrella for the processes and tools, 
which integrate all projects required data through 
containing information needed in particular phases 
of a building’s life-cycle (scheduling, analysis, cost 
evaluation, etc.). Yet, BIM is much more than a 
data container for the building model; it is an object 
oriented building design and construction‐specific 
model to assist the progress of the exchange and 
interoperability of data in the digital format (Babič, 
Podbreznik, & Rebolj, 2010). A major benefit 
of utilising BIM in the design and construction 
phase of a project is obviously coming through its 
ability to ‘model’ and test the constructability of 
the design within the model prior to setting foot 
on the project site. As a management paradigm, 
BIM can be implemented through chains of ICT 
technologies including BIM authoring tools such 
as Revit, ArchiCad, Microstation and Navisworks.
Implementing BIM helps to avoid errors 
alongside improving the productivity, scheduling, 
safety, cost and quality of construction projects 
(Zuppa, Issa, & Suermann, 2009). BIM is a fast 
and effective process by which information per-
taining to one project can be updated at any stage 
of project from any department or unit (e.g. engi-
neering department). Accordingly, because of its 
efficiency in adopting and propagating changes in 
the model, editing objects and reloading updated 
links, the entire project model will be updated 
based on the changes on one aspect of the project. 
It is asserted that BIM is capable of enhancing 
the performance within the industry along with 
overcoming the problems stemmed from the 
fragmented structure dominating the industry 
(Succar, 2009). As an emerging method within the 
construction context, BIM entails managing data 
flows in different natures between different parties 
(Succar, 2009) by manifesting a virtual working 
environment (Fox & Hietanen, 2007; Howard & 
Björk, 2008). Serving a catalyst of change for the 
construction industry, BIM encompasses a radical 
reorientation of 2D to 3D modelling and a recent 
shift to 4D (project scheduling integrated), 5D 
(project cost integrated) and 6D (facility manage-
ment integrated), exploiting more intelligent data 
analysis techniques in order to achieve a superior 
performance in delivering an As-Built BIM. In 
this context, ICT should supply the platform for 
BIM to pursue its trend becoming a mainstay of 
research and development in the construction 
industry (Singh, 2014).
ICT and Sustainable 
Built Environment
The construction industry is progressively dis-
covering how ICT tools can help the construction 
industry to attain more sustainable outcomes. 
ICT is capable of providing a unified approach in 
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storing, transmitting, sharing and distributing data 
among the parties involved in the built environment 
context. The advantages of incorporating ICT in 
fostering a sustainable built environment include:
• Facilitate the rule-based checking of sus-
tainability guidelines,
• Find and retrieve environmental solutions,
• Increase the speed and efficiency of shar-
ing green principles, and
• Decrease the environmental impact by 
underrating the paperwork and waste 
generation.
One example for integration of ICT into 
sustainable construction could be the powerful 
visualization engine of BIM, which envisages 
any technically possible way of creating or testing 
“what if” scenarios during the sustainable building 
procedure (Banihashemi Namini, Ding, Wang, 
& Jack, 2015). Beyond graphically depicting the 
design, much of the data needed for supporting 
sustainable building is captured naturally as de-
sign of the project proceeds. It paves the way of 
superimposing multidisciplinary information in 
an integrated model creating an opportunity for 
measuring the sustainability state of the project 
throughout its lifecycle (Azhar, Carlton, Olsen, 
& Ahmad, 2011). According to Krygiel and Nies 
(2008), BIM has the potential to aid sustainable 
design through:
• Selecting a suitable building orientation,
• Evaluating building envelop,
• Day-lighting analysis,
• Water needs reduction in a building,
• Integration with energy analysis software 
to reduce energy consumption,
• Featuring renewable energy possibilities,
• Material needs reduction,
• Decreasing waste and carbon emission by 
logistic site management.
Architects can import data into BIM model to 
locate the project geographically and present the 
conditions of climate, location and surrounding 
area. Then, the model can be reoriented and edited 
on site based on the real coordination for reduc-
ing required resources and exposing efficiently 
to solar radiation (Eastman, Teicholz, & Sacks, 
2011). Engineers utilize BIM to decrease the en-
ergy consumption by exporting the 3D model to 
particular energy analysis software and calculating 
light reflectance and transmittance (Underwood, 
Isikdag, & Global, 2010). Effectively coordinat-
ing logistics through site analysis and modelling 
including wetlands and protected habitats can 
help contractors to eliminate the possible issues 
and even easily quantify the amount of materi-
als extraction of buildings to simplify reusing 
or recycling measures. Finally, the BIM file ar-
ranges an array of required resources to advise the 
project team regarding sustainability issues from 
the incipient stages of a project (Hardin, 2011).
Smart mechanisms such as smart metering and 
sensor network-based sub-utility measurements 
are among the emerging ICT technologies that 
will be rapidly developing in the upcoming years. 
These devices are capable of measuring energy 
usage more precise than the current instruments 
and also transmitting the detected information via 
networks. This system will allow for better energy 
consumption records in both temporal and demand 
profiles as well as supplying the novel digital plat-
forms for different stakeholders including energy 
performance benchmarking, load forecasting and 
consumption monitoring for residential buildings 
(Ahola, Ahlqvist, Ermes, Myllyoja, & Savola, 
2010). Provision of these services enables all 
parties involved to apply environmentally sound 
principles in energy usage reduction, enhance 
energy efficiency measures and in the long run, 
integrate with other ICT tools like smart appli-
ances and building automation systems.
Virtual Reality
The term ‘virtual reality’ (VR) has been used in 
the literature for more fifteen years. The expres-
sion VR was introduced for the first time in the 
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US in the 80s by Jaron Lanier and became a com-
mon name. VR is simply defined as providing a 
cognitive activity in an artificial digitally-created 
world. Such a world is symbolic, imaginary and 
is literally a simulation of certain aspects of the 
real world with attributes copied from the real 
world (Fuchs, Guitton, & Moreau, 2011). For 
the construction context, VR presents a natural 
medium for a building design and provides 3D 
visualization, which can be manipulated in real-
time and deployed in a collaborative manner in 
order to explore all stages of the lifecycle of con-
struction projects. The applications of VR for the 
construction industry are diverse and target a wide 
range of audience. That is, VR greatly benefits the 
construction industry through providing (Dawood, 
2009; Nikolic, Jaruhar, & Messner, 2011):
• Greater level of safety on construction 
sites,
• Enabling construction practitioners to test 
alternative construction techniques and 
methods by simulation and visualisations 
of all alternatives,
• Evaluation and assessment of available in-
formation in a virtual environment
• Allowing an accurate sequencing of 
operations,
• Presenting novel approaches for collabora-
tion and communication between parties 
involved on projects and
• Education and training of students
Augmented Reality
Augmented Reality (AR) is a powerful user inter-
face paradigm that enhances a user’s perception 
by inserting computer-generated information 
into a user’s real world experience. Construction 
practitioners need to make decisions frequently 
on onsite work environment. This necessitates 
access to mobile visualization technology as well 
as being grounded and aware of the real construc-
tion site context. This has become the primary 
driving force behind increasing adoption and 
promise of AR compared to VR. That is, AR is a 
tool capable of supplementing reality instead of 
replacing it. AR is the middle ground between a 
purely virtual environment and a completely real 
world (Lin, Liu, Tsai, & Kang, 2014). AR has been 
employed for a wide range of applications in the 
construction industry. These include maintenance, 
manufacturing, training, 3D video conferencing, 
computer assisted training and instruction, enter-
tainment and construction design. Using AR, a 
construction practitioner will be able to combine 
the 3D object into the normal viewing perspective 
without losing any of the advantages of object 
movement and individual movement in a real-
world environment. When it comes to BIM, AR is 
envisaged to become the tool to convey BIM in an 
effective manner on construction sites described 
as extended hand for BIM (Wang, Truijens, Hou, 
Wang, & Zhou, 2014).
Drones
A drone is an aerial vehicle without on board pilot 
officially termed as Unmanned Aerial Vehicles 
(UAVs). Drones came into public attention due 
to their recent applications in military opera-
tions and their civil applications predominantly 
in the agriculture industry (Nonami, Kendoul, 
Suzuki, Wang, & Nakazawa, 2010). Drones offer 
major benefits when used for aerial surveillance 
and inspection in complex environments such 
as construction sites. Application of drones on 
construction sites is very recent and limited to 
below activities.
• Assisting safety management for which 
drone acts as a safety officer and controls 
and monitors a number of workers. It as-
sists safety managers to spot safety issues 
on the site quickly (Irizarry, Gheisari, & 
Walker, 2012).
• Drones assist site managers by picking up 
the signals emitted by Radio Frequency 
Identification Technology (RFID) tags and 
provide information on the location and 
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movement of tags. The data could be col-
lected to be used in BIM models (Hubbard 
et al., 2015).
• Drones can be flown to certain altitudes 
and locations for capturing images. The 
images can be used to develop 3D illustra-
tion by the use of AR technology.
• Surveying for which drones can be used in 
surveying activities with difficult access 
to objects such as landfill, pits, stockpile, 
quarries, surface mining areas and slopes. 
Drones are efficient and can complete sur-
veying activities in shorter times, at lower 
costs, with fewer number of personnel and 
in higher levels of accuracy.
Geospatial Information System (GIS)
The concept of GIS emerged in the 60s in Canada. 
GIS is defined as a tool that is utilised to assist 
people in acquiring spatial information and learn 
about geography. That is, storing spatial data in 
digital formats provides rapid access for a wide 
range of purposes (Fazal, 2008). When the per-
forming area of construction site is vast, a single 
BIM model may not be a good fit to handle all 
the existing objects and facilities. Considering a 
large-sized construction zone with a lot of build-
ings and recreational facilities with myriad trees 
and green spaces would make it hard to think about 
implementing all the substances on a single model. 
Working with such a model would be hard, time 
consuming and vulnerable to flaws. Thus, the BIM 
approach needs to use a reliable and comprehen-
sive context in order to link different BIM models 
and their information and provide an integrated 
and powerful decision support system for both 
project managers and stakeholders to handle the 
whole area of the project at hand. GIS provides 
a reliable tool based on its precise coordination 
system and geospatial integrity for as many differ-
ent BIM models as possible (Mignard & Nicolle, 
2014). With GIS, the entire most recent detailed 
data about every single project becomes readily 
available. Moreover, GIS would let the owners 
to have cumulative information about the whole 
project data including elapsed and remaining costs, 
time and required materials. This would help them 
have remarkable ability toward decision making 
and expenditure control. Therefore, bundling GIS 
with BIM would bring remarkable potentials for 
managers in large-sized construction projects.
3D Terrestrial Laser Scanning (TLS)
There is a great need within the construction in-
dustry for automating the inspection of projects. 
Among all available methods, 3D Terrestrial Laser 
Scanning (TLS) has found to be the best available 
method to capture 3D information on a construc-
tion project with high levels of accuracy in high 
speed. TLS is defined as a modern measurement 
technology that is revolutionizing dimensional 
surveying in the construction industry particu-
larly in the facilities management field (Bosché 
& Biotteau, 2015). TLS has been a promising 
technique in the construction industry, which 
enables construction practitioners of tracking their 
progress, controlling quality, monitoring health 
and creating 3D as-built models for managing 
facilities (Bosché, Ahmed, Turkan, Haas, & Haas, 
2015). One of the recent advancements has been 
the emergence of interfaces between BIM models 
and models created by TLS.
3D Printing
According to Cano (2015, p. 3) “3D printing is 
basically a type of additive technology manufac-
turing, which means that instead of starting with 
a solid block of material and cutting it down to 
a shape, an object is built by adding one layer of 
material at a time.”. 3D printing falls within the 
category of rapid manufacturing methods, which 
have permeated the construction industry. 3D 
printing based on inkjet technology is a common 
method in which the inkjet selectively deposits a 
binder in form of liquid onto a bed of powder. The 
role of the binder is to glue the powder together 
(Buswell, Soar, Gibb, & Thorpe, 2007). The 
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construction industry is moving toward using 
utilization of manufacturing methods for which 
construction components could be printed on site 
followed by assembly. Printing components such 
as concrete parts have become common and expe-
rienced in detail, yet printing large construction 
components or full-scale units are in their infancy 
stages (Lim et al., 2012).
FUTURE RESEARCH DIRECTIONS
Future researchers would contribute to the con-
struction industry body of the knowledge through 
attempting to integrate the different AIM within 
the lifecycle of construction projects. That is, at 
the moment applications of AIM on projects are 
piecemeal and disjoined, thus a major part of 
the potentials is lost. Integration of AIM within 
each other under the umbrella of VDC can assist 
construction practitioners in gaining the full po-
tentials envisaged for using AIM. A rudimentary 
effort has been presented here in Figure 2 to show 
a sample of delivering a construction projects in 
3 main phases utilising an integrated AIM.
Therefore, further research studies should 
concentrate on ascertaining the most effective 
policies to lead construction practitioners towards 
harnessing the benefits of adopting integrated AIM 
in different stages of construction projects. To this 
end, future inquiries should present frameworks 
for facilitating managing change in construction 
organisations. A deep appreciation of the dynamics 
of change at the people/technology interaction is 
a prerequisite for the successful implementation 
of integrated AIM on construction projects. This 
could be a fertile ground for future investigations. 
Additionally, mapping the status of universities 
and the levels of skills and knowledge of gradu-
ates in regards to using each of AIM elements 
particularly BIM should be considered as a subject 
for future inquiries. Such explorations should 
compare the pertinent requirements in the industry 
against the abilities of graduates and the content 
of university programs and accordingly spot the 
gaps and shortcomings in this area.
Figure 2. Delivering a construction projects through an integrated AIM
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CONCLUSION
The construction context has yet to harness the 
benefits of AIM effectively, due to many barri-
ers hampering the shift from traditional methods 
to AIM. The major barriers include cultural and 
organisational resistance coupled with the lack 
of knowledge in the industry. Hence, it becomes 
incumbent to practitioners and researchers to 
foster the culture of adopting AIM and promote 
delivering projects through integration of AIM as 
described in previous sections. One remedial solu-
tion for this might be conducting research studies 
to spot the true impediments towards uptake of 
AIM in construction organizations and projects. 
In the same vein, procedures of merging AIM 
into construction activities and processes would 
be facilitated by incorporating the principles of 
established theories associated with innovation 
adoption. To this end, inquiries should consider 
building upon robust theoretical foundations such 
as principles of Innovation Diffusion Models 
(IDMs).
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KEY TERMS AND DEFINITIONS
Construction Industry: The term represents 
architecture, engineering, and construction i.e. all 
sectors that provide architectural design, engineer-
ing design and construction services.
ICT: Stands for information communica-
tion technology and concerns any technology or 
product associated with storing, retrieving, ma-
nipulating, transmitting, or receiving information 
electronically in a digital nature.
ICT in the Construction Context: This covers 
goods (such as office software suite and communi-
cation equipment), services and management (such 
as telecommunication including transmission and 
display) adopted to generate growth and improve 
productivity in the construction context.
Innovation: Innovations for the construction 
context represent the profitable developments 
and implementation of novel ideas, procedures, 
products, and practices geared towards enhancing 
organisational performance.
